This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images Within this document are accurate representation of 
The original documents submitted by the applicant r 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM Oft SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SIANTED IMAGiES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
C08K 3/00, 3/20, 3/22 



Al 



(11) International Publication Number: WO 99/07777 

(43) International Publication Date: 18 February 1999 (18.02.99) 



(21) International Application Number: PCT/US98/ 16470 

(22) International Filing Date: 7 August 1998 (07.08.98) 



(30) Priority Data: 
60/055,059 



8 August 1997 (08,08.97) 



US 



(71) Applicant (for all designated States except US): US BIOMA- 
TERIALS CORPORATION [US/US]; One Progress Boule- 
vard, Box #23, Alachua, FL 32615 (US). 



(72) Inventors; and < — : ^ 
(75) Inventors/Applicants (for US only): \LATORRB, Guy 
[US/US]; 4416N.W. 60th Terrace, Gainesville, FL 

32606 (US)<LgjpSean [US/US]; 737 N.W. 84th. Street, 
Gainesville, FL 32607 (US). ZHONG, Jipin [CN/US); 3636 
N.W. 68th Lane, Gainesville, FL 32653 (US). FOSMOE, 
Al [US/US]; 2111 S.W. 122nd Street, Gainesville, FL 

32607 (US). 

(74) Agents: BAUM, Allen, R. et al.; Bums, Doane, Swecker & 
Mathis, L.L.P., P.O. Box 1404, Alexandria, VA 22313-1404 
(US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG t BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, GM, HR, HU, ED, IL, IS. JP, KE, KG, KP, KR t KZ, 
LC, LK, LR, LS, LT t LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZW, ARIPO 
patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, 
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: BIOLOGICALLY ACTIVE GLASS-BASED SUBSTRATE 
(57) Abstract 

Compositions including a glass composition and a biodegradable polymer, and methods of preparation and use thereof for growing 
tissue, including bone, are disclosed. TTie glass is formed from oxides of silicon, phosphorus, sodium, and calcium, and is dispersed within 
a porous biodegradable polymer to form a three dimensional matrix. The compositions can be in any suitable form for administration to a 
patient, such as sheets, screws, stents, pins, sutures, prosthetics, valves, plates and the like, or can be in a form suitable for use in in vitro 
applications. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


Ft 


Finland 


LT 


Lithuania 


5K 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TO 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


' NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


z\v 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Rumania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DEC 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WQJ9/07777 



PCT/US98/16470 



BIOLOGICALLY ACTIVE GLASS-BASED SUBSTRATE 

FIELD OF THE INVENTION 

The present application relates to porous materials that can be used as three 
dimensional substrates on which to grow certain cell lines in culture and to the use 
5 of such substrates in medical practice. 

BACKGROUND OF THE INVENTION 

In many tissue engineering methods, a population of viable cultured cells are 
seeded into a porous, solid, biodegradable substrate. As the cells grow into and 
throughout this three-dimensional substrate, they lay down the extracellular matrix 
10 proteins and other molecules which eventually become a solid tissue implant 

material The original substrate material will eventually be totally resorbed, either at 
the time of implant or sometime thereafter, so that only the generated extracellular 
matrix (and if desired, the cells) will remain. 

One example of a tissue culture matrix is where dermal fibroblasts are 
15 cultured in a polyglycolic acid (PGA) sponge to grow a collagen dermal equivalent 
for implants onto the skin, e.g., DermaGraft™ dermal implant material (supplied by 
Advanced Tissue Sciences). Chondrocytes may be cultured into the same material 
to produce artificial articular cartilage. 

The desirable characteristics for a tissue, growth substrate are that it (1) be 
20 resorbable within an appropriate time frame, (2) provide a desirable chemical 

environment for cell attachment, growth and/or activity, (3) have appropriate pore 
structure and/or surface texture for cell infiltration and (4) act as a suitable contact 
guidance system for cell migration and extracellular matrix deposition. 
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One significant disadvantage of an acidic polymer such as a polylactic 
acid/polyglycolic acid (P L A/P G A) growth substrate, is that it lowers the pH of the 
medium substantially as it degrades, thereby inhibiting cell growth and activity. 
Allogeneic/xenogeneic collagen sponge substrates are sometimes used as well, 
5 however, there are difficulties associated with disease transmission, potential host 
immunological response, handling and mechanical properties as well as cellular 
interactions. 

Bioglass® is a biologically active synthetic material that includes varying 
compositions of Si0 2 , P 2 0 5 , CaO, and NajO (e.g. see L.L. Hench, et ai, 

10 "'Biological Applications of Bioactive Glasses," Life Chemistry Reports, 13, 187- 
241 (1996) and L.L. Hench, et al, Ed.s, An Introduction to Bioceramics, World 
Scientific, New York (1993)), has been shown in numerous in vitro and in vivo 
studies to be a bio-compatible surface for cell growth and activity. Bioglass® 
interacts with the host environment by a series of chemical reactions involving ion 

15 exchange and precipitation of mineral layers onto the surface. Melt-derived 

Bioglass® particles by themselves have been shown in vitro to raise the pH of the 
medium depending on composition and particle size. Sol-gel derived Bioglass® 
particles and fibers by contrast, contain no sodium and do not increase the pH of the 
host medium as it reacts as significantly as melt-derived Bioglass® particles. 

20 Similarly, melt-derived Bioglass® which has been pre-reacted in buffer solution for 
a specified amount of time may also maintain a more stable pH environment. 

There is a need for biologically active glass-based substrates which are 
chemically, physically, and mechanically stable and which can be formed into semi 
rigid shapes to serve as substrates for tissue growth with controllable change in pH 
25 at the site of tissue growth. The present invention provides such materials. 
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SUMMARY OF THE INVENTION 



Compositions useful for growing tissue, including bone, and methods of 
preparation and use thereof, are disclosed. In one embodiment, the composition 
includes a biologically active material formed from oxides of silicon, phosphorus, 
5 sodium, and calcium, dispersed within a biodegradable polymer sponge material to 
form a three dimensional matrix. In a second embodiment, the composition includes 
porous meshes that include spun fibers of a biologically active material that includes 
oxides of silicon, phosphorus, sodium, and calcium to form a three dimensional 
matrix. In a third embodiment, the composition includes porous ceramic materials 
10 produced by sintering a biologically active glass powder, either as a sol-gel, melt- 
derived or pre-reacted melt derived form. This sintered material forms a porous 
three-dimensional matrix, which maintains a controllable pH as it reacts in the 
environment. The porous materials described herein are ideally suited for 
applications such as tissue engineering which benefit from a high degree of porosity. 

1 5 The polymer matrix includes biodegradable polymeric materials. Suitable 

biodegradable polymers include polyhydroxy acids such as polylactic acid, 
polyglycolic acid and copolymers thereof, polyorthoesters, polysaccharides, 
proteins, polyanhydrides, polyphosphazenes, and copolymers and blends thereof. 

The percent by weight of the glass composition to polymer is between 5 and 
20 95%. The porosity of the glass is between 0 and 85%. The composition and any 
articles of manufacture that include the composition may or not be porous, and 
preferably has an overall porosity between about 0 and 80%. 
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The compositions can optionally include additional components, such as 
non-degradable polymers, various biologically active substances such as growth 
factors (including TGF-p, basic fibroblast growth factor (bFGF), epithelial growth 
factor (EGF), transforming growth factors a and p (TGF a and p ), platelet-derived 
5 growth factor (PDGF), and vascular endothelial growth factor/vascular permability 
factor (VEGF/VPF)), antivirals, antibacterials, antiinflammatories, 
immunosuppressants, analgesics, vascularizing agents, cell adhesion molecules 
(CAM's), bone morphologenic proteins (BMP's) and anticoagulants. 

The compositions can be in any suitable form for administration to a patient, 
10 such as sheets, screws, stents, pins, sutures, prosthetics, valves, plates, tubes and the 
like, or may be moldable or machinable. 

V 

The compositions can be used as substrates to promote the growth of tissue, 
including bone, in vitro, ex vivo and/or in vivo. 

15 DETAILED DESCRIPTION OF THE INVENTION 

Compositions useful for growing tissue, including bone, and methods of 
preparation and use thereof, are disclosed. In one embodiment, the composition 
includes a biologically active material formed from oxides of silicon, phosphorus, 
sodium, and calcium, dispersed within a biodegradable polymer sponge material to 

20 form a three dimensional matrix. In a second embodiment, the composition includes 
porous meshes that include spun fibers of a biologically active material that includes 
oxides of silicon, phosphorus, sodium, and calcium to form a three dimensional 
matrix. In a third embodiment, the composition includes porous ceramic materials 
produced by sintering a biologically active glass powder, either as a sol-gel or pre- 

25 reacted melt derived form. This sintered material forms a porous three-dimensional 
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matrix, which may be tailored to maintain a desirable pH as it reacts in the 
environment of use. 

These compositions are superior to prior bioactive compositions used in cell 
culture. For example, the use of bioactive glass alone does not provide for the 
5 superior structure obtainable when the combination of bioactive glass and a 

biodegradable polymer are used to provide a three dimensional cell culture media. 
Further, the use of polymers in the composition allows for a greater range of 
available structures. 

Definitions 

10 The following definitions are used herein: 

The term "biodegradable" as used herein refers to any material that is capable 
of being decomposed by natural biological processes, including those occurring in 
vivo or in vitro. 

The term "bioactive glass" as used herein refers to any glass composition 
15 capable of eliciting a specific biological response at the interface of the material 

which results in the formation of a bond between the tissue and the material. This 
typically includes any bioactive glass composite material that includes, at least, 
silicon oxide, phosphorus oxide, calcium oxide and sodium oxide, in various 
proportions. 

20 The term "three dimensional matrix suitable for cell growth" as used herein 

is intended to mean any porous structure comprising a bioactive glass dispersed 
within a biodegradable polymer capable of culturing cells. The three dimensional 
matrix may, in some applications, be implanted into a patient. In other applications, 
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the three dimensional matrix may be used only as an ex vivo platform for cell 
growth. 

T Composition 

A Compo sition of the Glass 
5 The glass preferably includes between 40 and 86% by weight of silicon 

dioxide oxide (Si0 2 ), between about 0 and 30% by weight of sodium oxide (Na 2 0), 
between about 4 and 46% by weight calcium oxide (CaO), and between about 1 and 
15% by weight phosphorus oxide (P 2 05). More preferably, the glass includes 
between 40 and 60% by weight of silicon dioxide oxide (Si0 2 ), between about 5- 
10 30% by weight of sodium oxide (Ns^O), between about 10 and 35% by weight 
calcium oxide (CaO), and between about 1 and 12% by weight phosphorus oxide 
(P 2 OS). The oxides can be present as solid solutions or mixed oxides, or as mixtures 
of oxides. 

CaF 2 > B 2 0 3 , A1 2 0 3 , MgO and K 2 0 may be included in the composition in 
15 addition to silicon, sodium, phosphorus and calcium oxides. 

The glass is preferably present as a porous material. The pore size is 
between about 0 and 500 \xm, preferably between about 10 and 150 fim, and more 
preferably, between about 50 and 100 urn. The degree of porosity of the glass is 
between about 0 and 85 %, preferably between about 30 and 80 %, and more 
20 preferably, between about 40 and 60 %. 

The most preferred glass is Bioglass®™ (a trademark of University of 
Florida), which has a composition including about 45% by weight silicon dioxide, 
about 24.5% by weight sodium oxide, about 6% by weight phosphorus oxide, and 
about 24.5% by weight calcium oxide. Another preferred material is hydroxyapatite. 
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Biologically active glass-based substrates for tissue engineering are 
advantageous because they apparently readily incorporate and promote the 
production of collagen and other extracellular matrix proteins in vitro and in vivo, 
although the exact mechanism for this effect is not yet known. 

5 Ft Rioriegradable Polymers 

The polymer matrix includes biodegradable polymeric materials. Suitable 
biodegradable polymers include polyhydroxy acids such as polylactic acid, 
polyglycolic acid and copolymers thereof, polycarbonates, polyorthoesters, 
polysaccharides, proteins, poly anhydrides, polyp ho sphazenes, and copolymers and 
10 blends thereof. 

The selection of the biodegradable polymer depends on several factors, 
- including the desired degradation time, the physical properties, including melting 
temperature and hardness, and chemical properties (i.e., the interaction of the 
polymeric materials with other components in the composition). Preferred polymers 
15 include polylactic acid, polyglycolic acid, and copolymers and blends thereof. 

It is particularly desirable, when using a polyanhydride or polyester, which 
degrade to acidic components, to have a sufficient quantity of the glass such that the 
co-degradation of the glass and polymer provide a somewhat buffered system, since 
the metal oxides, when reacted with water, produce a "basic" metal hydroxide. The 
20 combination of glass and polymer can provide a reasonably stable pH for use as a 
tissue culture matrix. 
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Biodegradable polymers such as those described above are well known to 
those of skill in the art, and can be prepared using known methodology. Suitable 
biodegradable polymers are described, at least, in U.S. Patent No. 4,080,969 to 
Casey et al., U.S. Patent No. 4,194,066 to Kaetsu et al., and U.S. Patent No. 
5 5,410,016 to Hubbell etal. 

The polymer preferably includes carboxylic acid functional groups, or 
includes anhydride or ester bonds which, upon hydrolysis, provide carboxylic acid 
functional groups. These groups assist in adhesion of cells to the polymer, which is 
desirable in a composition used for cell culture. Further, cell adhesion peptides, 
10 such as arginine-glycine-aspartic acid (RGD) can be incorporated into the polymer 
matrix or covalently linked to the polymers to assist with adhesion of cells to the 
polymer matrix. 

The polymer is preferably.present as a porous material, i.e., a porous polymer 
foam. The pore size is between about 0 and 1,000 |im, preferably between about 
15 100 and 800 ^m, and more preferably, between about 200 and 500 Jim. The degree 
of porosity of the polymer is between about 0 and 85 %, preferably between about 
30 and 80 %, and more preferably, between about 40 and 60 %. 

The higher the degree of porosity, the higher the seeding of cells into the 
matrix and the better able these cells are to receive nutrients from the surrounding 

20 medium. However, increased porosity can lead to decreased dimensional stability. 
Those of skill in the art can select an appropriate porosity taking into consideration 
the type of cells to be seeded, and the requisite dimensional stability of the 
composition. The dimensional stability requirements are a function of how the 
composition will be used. If the composition is to be used as a three dimensional in 

25 vitro cell culture or a tissue engineering platform, the mechanical properties (e.g. 

Young's modulus) are not as critical as those required for an in vivo implant device. 
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C Option al romprments 

The compositions can optionally include additional components, such as 
non-degradable polymers, various biologically active substances, and structural 
components. 

5 Non-degradable polymers are preferably those that do not cause a non- 

desirable effect when implanted in vivo. Suitable non-degradable polymers include 
polyacrylates such as polymethyl methacrylate (PMMA), polysulfones, polystyrene, 
polyalkylene oxides such as polyethylene oxide and polyethylene 
oxide/polypropylene oxide copolymers (Pluronics™), polyvinyl alcohol, polyolefins 
10 such as polypropylene and polyethylene, polytetrafluoroethylene (Teflon™). 

Suitable biologically active substances specifically include those which 

promote healing and regulate cell/tissue growth, including bone growth. Such 
substances include, but are not limited to, growth factors (including TGF-P, basic 
fibroblast growth factor (bFGF), epithelial growth factor (EGF), transforming 
15 growth factors a and P (TGF a and P ), platelet-derived growth factor (PDGF), and 
vascular endothelial growth factor/vascular permability factor (VEGF/VPF)), 
antivirals, anUkactenals, antiinflammatories, imm unosuppressan ts, analgesics, 
vascularizing agents, cell adhesion molecules (CAM's), bone morphologenic 
proteins (BMP's), anticoagulants, nutrients, antivirals, antibacterials, 
20 antiinflammatories, immunosuppressants, and analgesics. 

Additional components can be added to increase the structural integrity of 
the composition. These include metals, ceramics, and other materials. In one 
embodiment, the composition includes a shape-memory polymer or metal alloy, 
such as TiNi, such that the composition can flex and return to its original position 
25 while bone or other cells/tissues are growing into the composition. 
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D Ce.\U and Tissue Types Which can H p Used with the Composition 

The composition can be used to grow several different types of tissue. Bone 
tissue can be grown by seeding cells such as osteoprogenitor cells, bone marrow cell 
preparations, cells of osteoblastic phenotypic potential or of osteoblastic phenotypes. 

5 The matrix prepared from the composition can also be seeded, for example, 

with fibroblasts and chondrocytes. Preferably, the matrix is seeded with cells from 
the patient to be treated to avoid problems associated with tissue rejection. Less 
preferably, the cells are isolated from another human or from an animal source 
suitable for xenotransplantation into a human. 

10 The cell seeding density is a function of the cell type being cultured. For 

most cells, typical cell densities range from between about 10 5 and 10 6 cells per 
cm 3 . For example, chondrocytes are typically seeded at a density of about 4 X 1 0 5 
cells per cm 3 . 

Suitable cell types that can be seeded include adipose cells, epithelial cells, 
15 endothelial cells, hepatocytes, smooth muscle cells, neurons, osteoclasts, 

chondrocytes, skin cells, mesenchymal cells, islet cells, keratinocytes, blood cells, 
mast cells, myocytes, stem cells and T cells. 

v. Composite Material Prepared from the Gl a ss and the Polymer 

The glass and polymer are combined to form a composite material that 
20 include both the glass and polymeric elements and which also optionally includes 

ceils and other bioactive materials such that the composite can be used to grow cells 
and tissue, including bone tissue. The pores of the composite material can be 
controlled in manufacturing to yield desirable size ranges for cell migration, such as 
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between about 5 and 25 fim to enhance cell migration, and between about 400 and 
500 )im to accomodate ingrowth of a cappilary bed system. Preferably, the material 
is not flat, but rather, is three dimensional, to allow for cell growth. 

The composite material is preferably arranged in a manner which mimics the 
5 fiber density and orientation of the target tissue, yielding an implant whose 
mechanical properties match those of the surrounding tissue. 

The composite material preferably includes melt-derived biologically active 
glass particles, such as Bioglass® (trademark of University of Florida), and PLA, 
PGA or copolymers and blends thereof. The composite material is fully resorbable 

10 over time, with a resorption rate depending on the exact composition of the material. 
Because melt-derived Bioglass® tends to raise the pH of the medium as it reacts, 
this tends to buffer the pH change from the polymer degradation. The buffering 
effect as well as the total degradation time depend upon the relative amounts of, and 
composition of, both the polymer and glass particulate in the material, as well as the 

15 pore texture of the composite material. By controlling the composition and porosity 
of the glass composition, the rate of degradation, effect of the composition on the 
surrounding pH and the corresponding ion release rate can be controlled. Those of 
skill in the art can readily optimize the composition to allow for optimal cell 
migration, activity, degradation time and final growth of the artificial tissue at a 

20 stable pH. 

In another embodiment, the glass is in the form of spun fibers of Sol-gel 
derived or melt-derived Bioglass®. These fibers may be conglomerated in some 
fashion to yield a network with an average spacing between fibers equal to the target 
pore size for cell migration and matrix deposition. In this embodiment, the fibers 
25 1 can, but need not, include a biodegradable polymer. 
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In yet another embodiment, the glass is in the form of sintered glass particles, 
preferably sintered particles of bioactive glass. The particles may be in sol-gel 
derived, or pre-reacted melt derived form. 

F Articles nf Mamifar.hirR Pre pared from the Composition 

5 The compositions can be used for several purposes, including in vitro and ex 

vivo production of cells and tissue, including bone tissue, or for in vivo uses. For in 
vitro use, 

the material is preferably in the form of a sheet, a foam, or other shape suitable for 
tissue culture in vitro. Preferably, the material is not flat, but rather, is three 
10 dimensional, to allow for cell growth. The material can be shaped to fit a particular 
defect, for example a bone defect, thus allowing bone or other tissue to grow through 
the material and fill the defect. 

For in vivo use, the composition can be used to correct a bone defect, or 
otherwise implanted where tissue growth, including bone growth, is desirable. For 
15 this embodiment, suitable forms for the composition include sheets, screws, stents, 
pins, sutures, prosthetics, valves, plates, tubes and the like. 

TT. Methods of Manufacturing thp Cilass Composition 

The glass composition can be prepared in several ways, to provide melt- 
derived glass, spun fibers of sol-gel derived glass, and sintered glass particles. The 
20 sintered particles may be in sol-gel derived, or pre-reacted melt derived form. Sol- 
gel derived glass is generally prepared by synthesizing an inorganic network by 
mixing metal alkoxides in solution, followed by hydrolysis, gelation, and low 
temperature (600-900 °C) firing to produce a glass. Melt derived glass is generally 
prepared by mixing grains of oxides or carbonates, melting and homogenizing the 



- 12- 



WO99/07777 



PCT/US98/16470 



mixtures at high temperatures, typically between about 1250 and 1400°C. The 
molten glass can be fritted and milled to produce a powder or casted into steel or 
graphite molds to make bulk implants. 

The glass composition is preferably melt-derived. In each preparation, it is 
5 preferred to use reagent grade glass, especially since the glass is used to prepare 
materials which ultimately may be implanted in a human. 

A. Melt De rived Glass 

A melt-derived glass composition can be prepared, for example, by preparing 
an admixture of the individual metal oxides and other components used to prepare 
10 the glass composition, blending the admixture, melting the admixture, and cooling 
the mixture. The melting temperature is determined in large part by the glass 
composition, and ranges, for example, from about 900-1500°C, preferably between 
about 1250 and 1450°C The melt is preferably mixed, for example, by oxygen 
bubbling, to ensure a thorough homogenation of the individual components. 



15 The mixture can be cooled, for example, by adding the molten admixture to a 

suitable liquid, such as deionized water, to produce a glass frit. Porosity can be 
introduced by grinding the glass into a powder, admixing the powder with a foaming 
agent, and hot pressing the mixture under vacuum and elevated temperature. The 
particle size of the glass powder is between about 40 and 70 \xm, the vacuum is 

20 preferably less than 50 MPa, and the hot pressing is preferably performed at a 
temperature above 400°C, preferably between about 400 and 500°C. Suitable 
foaming agents include compounds which evolve carbon dioxide and/or water at 
elevated temperatures, for example, metal hydroxides, metal carbonates, and 
peroxides, such as hydrogen peroxide. Preferred metal carbonates are sodium 

25 bicarbonate, sodium carbonate and calcium carbonate. The foaming agents are 



- 13 - 



WO 99/07777 



PCT/US98/16470 



preferably added in a range of between about 1-5, more preferably 2-3 percent by 
weight of the glass powder. The preparation of melt-derived porous glass is 
described, for example, in U.S. Patent No. 5,648,301 to Ducheyne and El Ghannam, 
the contents of which are hereby incorporated by reference. 

5 R Sintered Glass Particles 

Glass can be sintered using known methodology. In one embodiment, an 
aqueous slurry of the glass powder and a foaming agent with a suitable binder, such 
as polyvinyl alcohol, is formed. The slurry is then poured into a mold, allowed to 
10 dry, and sintered at high temperatures. These temperature may range, depending on 
the glass composition and foaming agent used, between about 500 and 1000°C, 
more preferably between about 600 and 800°C. 

C Spun Fibers of So l-gel Derived Glass 

It is known in the art to control the heat treatment cycle of glass gels to 
15 ' control the pores and interpores of the material to create a porous glass material. 

However, since a pore diameter larger than 0.1 microns is difficult to achieve using 

this method, the sintering and foaming processes described herein are generally 

> 

more preferred. 

D. Leachin g of the Porous Material 

20 To aid in preparing glass compositions with high porosity, the glass 

composition can include a material which can be preferably leached out of the glass 
composition, and, in doing so, provide the composition with high porosity. For 
example, minute particles of a material capable of being dissolved in a suitable 
solvent, acid, or base can be mixed with or melted into the glass, and subsequently 
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leached out. The resulting voids have roughly the same size as the particle that was 
leached out. In the case of a material which is part of a melt-derived glass 
composition, the size of the pores and degree of porosity depends on the amount of 
added material relative to the amount of glass. For example, if the leached material 
5 constituted about 80% of the glass, then the glass would be approximately 80% 
porous when the material was leached out. When leaching the glass composition, 
care should be taken not to leach out those components which add to the bioactivity 
of the glass, i.e., the calcium and phosphorus oxides. 

F. OptinnRl Treatment of the Resulting Porous Glass Materia l 

10 In some embodiments, the surface of the glass composition, being relatively 

acidic (due to Si-O-H bonds), may need to be neutralized to maximize compatibility 
with the cells to be seeded on the resulting matrix. This can be accomplished, for 
example, by contacting the glass composition with a suitable buffer for a suitable 
amount of time to neutralize the surface of the glass (including the surfaces of the 

15 voids and pores). Suitable buffers are well known to those of skill in the art, and 

include TRIS, HEPES, and phosphate buffered saline. Preferably the buffer solution 
is isotonic with the inside of the cells being cultured on the resulting matrix. 

In one embodiment, the glass composition is contacted with cell adhesion 
peptides, such as RGD, and/or other materials, such as fibronectin, to provide for 
20 improved adhesion of the cells to be cultured to the glass composition. 
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TTT. Methods of Manufacturing the Polymer-Class Composite Matrix 

Polymer matrices including the glass composition can be prepared, for 
example, by melting the polymer, adding the glass composition and any optional 
components, and cooling the polymer. To provide porosity, blowing agents such as 
5 carbon dioxide or low boiling organic solvents, such as freon, can be used. 

Optionally, components such as salts and sugars which can be readily leached away 
from most biodegradable polymers, can be added and leached out to provide 
porosity. However, care must be taken that the leaching of these materials does not 
adversely leach out too much of the polymer, particularly when water sensitive 
10 polymers such as polyanhydrides are used. 

Another method for preparing the polymer-glass matrix is to dissolve the 
polymer in a suitable solvent, add the glass composition and any optional 
components, and then add a non-solvent for the polymer to cause the polymer to 
precipitate. Performing the precipitation while simultaneously introducing a 
15 foaming agent, for example a gas such as carbon dioxide, will cause the polymer to 
precipitate as a foam or sponge which includes the glass composition dispersed 
therein. 

IV. Methods for Shaping the Polymer-Glass Composite Matrix 

The composite can be shaped at the same time it is being prepared, for 
20 example, by melting the polymer, adding the glass and any optional components, 
pouring the melt into a suitable mold, and cooling the mixture. When a leaching 
process is used to increase the porosity of the composite matrix, it is preferable that 
the mold include holes which allow the solvent to pass through the mold. 
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The composite can also be shaped as it is formed using three dimensional 
printing techniques. In this embodiment, it may be preferable that the polymer 
include reactive functional groups, such as olefins (preferably in the form of acrylate 
groups), which can be used to adhere a printed layer to a subsequent printed layer by 
5 reacting the groups between the two layers. 

The composite can be shaped after it is prepared using conventional 
techniques, such as laser ablation, extrusion, milling, cutting, and computer aided 
design/computer aided manufacture ^CAD/CAM) techniques. 

V. Methods of Using the Composite Matrix 

10 The composite matrix can be used as a substrate to promote the growth of 

tissue, including bone. When used in vitro, the matrix is optionally washed with a 
buffer solution, optionally contacted with cell adhesion peptides or other cell 
adhesion promoting compounds, and seeded with cells and/or tissue. The matrix is 
kept in a suitable medium, for example, minimum essential medium, provided with 

15 suitable nutrients, and the cells are allowed to grow. The cells and/or tissue can be 
harvested after the desirable growth is obtained. The harvested cells and/or tissue 
can be used for implantation, by themselves or while still incorporated in the matrix. 

The biologically active glass-based substrates are advantageous for use in 
20 tissue engineering because collagen fibers have been seen in vitro and in vivo to 

bond strongly to and be embedded into biologically active glass. This strengthens 
and promotes the growth of collagen-rich tissues. 

There are several in vivo uses for the composite matrix to grow artificial 
tissues. For example, if dermal fibroblasts are cultured in a suitable substrate, they 
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lay down collagen and other extracellular matrix proteins to form a dermal layer 
which may then be implanted onto an injured host site. Chondrocytes cultured in a 
similar way can produce a cartilage implant material. 

When used in vivo, the matrix is optionally washed with a buffer solution, 
5 optionally contacted with cell adhesion peptides or other cell adhesion promoting 
compounds, and implanted to a desired site in a patient. Since the individual 
components in the matrix are substantially biodegradable and/or biocompatible, the 
matrix does not need to be removed following implantation. 

The following non-limiting examples are submitted to demonstrate the 
10 preparation of composition of the present invention. These examples are not 
intended to limit the scope of the invention in any way. 

EXAMPLES 

Ryample 1 . R inglassflO /POA/PLA Composite 

PLA, PGA and copolymers and blends thereof are dissolved in a suitable 

15 solvent, e.g., acetone, methylene chloride or chloroform, and precipitated from 

solution with a non-solvent for the polymer e.g., ethanol, methanol, diethyl ether, or 
water. The remaining solvent and non-solvent are removed, for example, by 
extraction, evaporation, centrifugation, or other means, to provide a coherent 
polymeric mass. The mass is subsequently shaped. If there are reactive groups on 

20 the polymer, these are then cured. Dry Bioglass® powder is added at various stages 
during this process, preferably in the range of 10 to 40 volume percent, to yield the 
desired composite material. 
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Example 2 Rioglass(£) fibers from Sol-gel 

Sol-gel Bioglass® is produced as a precipitate from TEOS, phosphorous 
alkoxide and calcium nitrate in water-ethanol. Continuous fibers are prepared by 
extruding the sol through a spinneret. The fibers are then aged, dried, and thermally 
5 stabilized. Long fibers may be woven into a mesh, short fibers may be combined by 
mixing them with a degradable adhesive, such as a solution of 
carboxymethylcellulose (CMC). The resulting material is then heated in a kiln to 
sinter the material and burn off the binder. The sintered structure may then be 
impregnated with a bioresorbable (biodegradable) polymer. 
10 F.yample 3. Sintered Biop1assfi> 

Sol-gel derived Bioglass® powder is mixed with a solution of CMC to form 
a viscous paste. This paste is then allowed to dry, and the CMC polymer is allowed 
. to cross-link. The resulting dry, hardened material is then heated in a kiln to sinter 
the material. The resulting macroporous structure can then be impregnated, for 
15 . example by vacuum impregnation methods, with a biodegradable polymer to form a 
composite substrate. 
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We claim: 

1 , A composition comprising a biodegradable polymer with a bioactive glass 
dispersed therein, wherein the glass comprises Si0 2 , Na 2 0, Cab, and P 2 0 5 , and 
wherein the combination of said polymer and said glass provides a three dimensional 

5 matrix suitable for cell growth. 

2. The composition of claim 1 wherein the glass includes between about 40 
and 86 percent by weight of Si0 2 , between about 0 and 30 percent by weight of 
Na^, between about 4 and 46 percent by weight of CaO and between about 1 and 
15 percent by weight of P 2 0 5 . 

10 3. The composition of claim 1 wherein the overall composition has a 

porosity of between about 0 and 80%. 

4. The composition of claim I wherein the biodegradable polymer is a 

polyhydroxy acid, polyorthoester, polylactone, polycarbonate, polysaccharide, 

protein, polyanhydride, polyphosphazene, copolymer thereof or blend thereof. 
15 5. The composition of claim 4 wherein the polyhydroxy acids are polylactic 

acid, polyglycolic acid, copolymers thereof or blends thereof. 

6. The composi tion of claim 1 wherein the ratio by weight of glass to 
polymer is between about 5 and 95%. 

7. The composition of claim 1, further comprising a biologically active 
20 substance, wherein the substance is a growth factor, cell adhesion molecule, bone 

morphogenic protein, nutrient, antiviral, antibacterial, antiinflammatory, 
immunosuppressant, analgesic, vascularizing agent, anticoagulant or mixture 
thereof. 

8. The composition of claim 1, wherein the glass composition is in the form 
25 of a melt-derived glass. 

9. The composition of claim 1, wherein the glass composition is in the form 
of a sol-gel derived composition. 
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10. The composition of claim 1, wherein the glass composition is in the 
form of a sintered glass derived composition. 

1 1 . The composition of claim I, wherein the glass composition is in the 
form of spun fibers. 

5 12. The composition of claim 1, wherein the composition is in the form of 

sheets, screws, stents, pins, sutures, prosthetics, valves, tubes or plates. 

13. The composition of claim 1, further comprising cells. 

14. The composition of claim 13, wherein the cells are selected from the 
group consisting of fibroblasts and chondrocytes. 

10 15. A method for culturing cells in vitro comprising seeding cells in a matrix 

comprising a biodegradable polymer with a bioactive glass dispersed therein. 

16. A porous polymer matrix comprising: 

a) a biodegradable polymer and 

b) a bioactive glass dispersed therein, 

15 wherein the porosity of the matrix is sufficient to promote cell growth in 

vitro. 

17. The matrix of claim 16, wherein the porosity is between about 30 and 

80%. 
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